Introduction
The number of trauma patients receiving anesthesia for emergency surgery is higher in developing countries than in developed countries. [1] [2] [3] [4] These patients have increased risk of intraoperative cardiac arrest, 2,4-6 over two times higher than that in elective surgical patients with high mortality rates. 4, 5, [7] [8] [9] [10] [11] [12] Studies conducted in countries, in the past decade, such as Brazil showed that more than 50% of all incidences of perioperative 
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siriphuwanun et al cardiac arrest in surgical patients occurred in trauma patients receiving emergency surgeries. 10 Furthermore, five studies that were conducted between 2012 and 2016 reported that the maximum number of incidences of cardiac arrest in trauma patients occurred in road traffic accidents. 5, 11, [13] [14] [15] [16] In Asian countries, incidences of all perioperative cardiac arrest vary in the range of 3-40 per 10,000; [17] [18] [19] [20] there is an increase in the number of emergency surgeries compared to the number of incidences varying in the range of 7-160 per 10,000, and it is very high in trauma patients who experienced traffic accidents. 2, 18 It was reported that in northern Thailand, among patients who underwent emergency surgery, there were high incidence rates of cardiac arrest within 24 hours of anesthesia and that these rates were higher than those in other Thailand regions and other countries. 2 Depending on the type and severity of injuries, organ damage and high risk of cardiac arrest and death can occur; the injuries include vascular injuries, 21 blunt traumatic cardiac injuries, 22 gunshot wounds and stab wounds, 23 and multiple injuries. 10 Other studies have reported the types of accidents such as falling from a height and road traffic accidents that involve many organ injuries including head injury, injury of the lower extremities, and thoracic injury. 6 High-risk trauma patients undergoing emergency surgery have several risks, especially risks that are unplanned, including receiving anesthesia, surgery, unplanned admittance to the intensive care unit (ICU), and those related to limited preoperative anesthetic preparation. 24 Furthermore, there are many high-risk factors that increase the incidence rate of cardiac arrest, including massive blood loss and multiple fractures or injuries to various organs of the patient and the patient having very high complications with regard to difficult airway management. 1, 21 In accident situations, trauma patients are often treated improperly prior to receiving anesthesia for emergency surgery during both regular hours and after hours. Furthermore, in trauma patients, it has been observed that uncontrolled bleeding occurs in approximately 40-60% of intraoperative cardiac arrests and deaths. 25 As reported in previous studies, 20, 21, 26 it has been found that many factors are associated with perioperative cardiac arrest, including age, 20, 26 underlying diseases, 2,4 American Society of Anesthesiologist (ASA) physical status, 2, 8, 9 blood loss, 3 the anatomic site of surgery, 20, 27 and severity of injury (especially blunt trauma with multiple injuries and vascular injuries). 10, 12, 21 Warning of such risk factors would be of help to anesthesia providers to plan appropriate anesthetic care and prepare drugs and resuscitating equipment to promptly deal with cardiac arrest and also create a warning sign tool for detecting signs of cardiac arrest in high-risk patients. However, few studies have elucidated incidences and factors associated with perioperative cardiac arrest in trauma patients receiving anesthesia. 2, 10 The number of accident victims undergoing emergency surgery is very likely to increase due to population growth over the next decade, and the mortality rate is expected to be high. 5 Hence, it is a challenge to formulate a strength strategy that includes administration of anesthesia, cardiopulmonary resuscitation (CPR) guidelines for perioperative cardiac arrest, and surgical treatment suitable for these patients. 22 Therefore, this study was conducted to throw light on the incidences and factors associated with trauma patients who suffered cardiac arrest during the intraoperative period after receiving anesthesia, at Maharaj Nakorn Chiang Mai Hospital, a university-based teaching hospital in northern Thailand.
Patients and methods
Our retrospective study was scrutinized and approved by the medical ethical committee of the Faculty of Medicine at Maharaj Nakorn Chiang Mai Hospital without requiring consent from patients, because this study was low risk and we collected data as anonymous. In addition, the result could not link to any particular patients. Furthermore, all data were collected confidentially and only a limited number of researchers could access the data obtained. Database of 19,683 trauma patients who received anesthesia for an emergency surgery in the past decade, from January 1, 2007, to December 31, 2016, was reviewed.
The recorded data were documented from the start of anesthesia until the end of anesthesia by using a study recording form, 2 which was approved for content validity by experienced anesthesiologists. The method of collecting data was tested by recording information from ten cases of trauma patients who received anesthesia for emergency surgery before being used in the researchers' center.
The detailed data consisted of patient characteristics including age, sex, medication use or substance abuse, and patient's comorbidities. Additional information included the assessment of the physical condition of the patient before anesthesia, the anatomic site of surgery, anesthesia performed, classification of the ASA physical status, patient monitoring, airway management, anesthetic drugs, and outcomes after anesthesia.
Details of the event were recorded in the data-recording form and checked for accuracy before entering the same into the anesthesia database. In addition, the completed data were obtained by chart review and from the digital hospital 
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Perioperative cardiac arrest in trauma patients database of medical records, anesthesiology records, electrocardiogram, and laboratory reports. Data extraction from the database for analyses was done by two research assistants who were trained and tested for standardized data collection under anesthesiologists to ensure accuracy of information. All the data entered for this analysis were tested for accuracy by using the double entry technique. Data regarding patients who had received topical anesthesia by surgeons, patients undergoing monitoring anesthesia care (MAC), and patients on whom much information was missing were excluded from this study.
Cardiac arrest in trauma patients in this study was defined as a sudden state of circulatory failure due to loss of cardiac systolic function; changing specific cardiac rhythm disturbances of the heart before the occurrence of cardiac arrest including ventricular fibrillation (VF), pulseless ventricular tachycardia (VT), pulseless electrical activity (PEA), and asystole; and the occurrence of these events during anesthesia of trauma surgical patients. 
Statistical analyses

Results
During the period of a decade, perioperative cardiac arrest during anesthesia for trauma patients occurred in 332 cases out of 19,683 trauma surgical patients (170.04:10,000). Most of the trauma patients were male (72.2%), and their age ranged from 6 to 98 years. Most of them had received general anesthesia (GA) and belonged to ASA physical status class ≥3 (47.8%). The characteristics of these patients were compared regarding distribution of preoperative comorbidity, anatomic sites of surgery, personal history, and substance abuse between the groups with and without intraoperative cardiac arrest. Patients in both groups were statistically different in many variables, as summarized in Table 1 . The performance of anesthetics including anesthetic agents is presented in Tables  2 and 3 . There were significant differences in the average duration of anesthesia between the two groups (100.8±82.5 vs 139.7±106.2 minutes). The conditions of the trauma patients prior to receiving anesthesia, including hemodynamic conditions, respiratory conditions, and neuromuscular conditions, are summarized in Table 2 . In the univariate analysis, many factors are presented, which are statistically significant factors, such as age >65 years (RR =1.78, CI =1.29-2.44), ASA physical status class ≥3, anatomic sites of surgery (especially, upper intra-abdomen, intracranial, intrathoracic, cardiac, and major vascular), the patient's comorbidity (especially, cardiopulmonary status, neuromuscular condition, hematology, electrolyte imbalance, and miscellaneous), personal history that involves drinking alcohol (RR =13.44, CI =10.83-16.68), hemodynamic instability with shock prior to receiving anesthesia (RR =23.23, CI =20.07-26.87), respiratory conditions with regard to the endotracheal tube from the emergency room (ER)/ICU/ward prior to surgery (RR =3.52, CI =2.02-6.13), etc., which are summarized in Tables 2 and 3 .
In this study, multivariate analysis of data was conducted such as age >65 years (RR =1. 41 
Discussion
Trauma patients receiving anesthesia for emergency surgery were found to be not well prepared to undergo unplanned anesthesia, and among them, some had had severe blood loss or damage to vital organs, leading to massive perioperative cardiac arrest and death. 3, 8, 17, 18, 20 However, many studies did not clarify the risk factors associated with only perioperative cardiac arrest in trauma patients. This study analyzed the anesthetic database of trauma patients receiving anesthesia for emergency surgery in the past decade at Maharaj Nakorn Chiang Mai Hospital, northern Thailand. The study was conducted in a total of 19,685 cases, and the rate of incidence of perioperative cardiac arrest was 170.04 per 10,000 cases, which is high and similar to the findings of a study in Thailand and another study in USA. 1, 3 Additionally, the present study showed a higher rate of incidence of cardiac arrest than studies in patients who had undergone elective surgery, emergency surgery in the present study's setting, and in a Thai study (8.5 per 10,000 cases, 163 per 10,000 cases, and 30.8 per 10,000 cases, respectively). 2, 31 Compared to five other studies conducted in Thailand, this study's rate of incidence of cardiac arrest 17, 19, 20, 28, 29 In Southeast Asian countries such as Japan and Pakistan, this study found higher rates of incidence of cardiac arrest, by about three times. 7, 18 When compared to European countries, this study's results show a higher rate of incidence of cardiac arrest, by two to six times. 8, 12, [32] [33] [34] There are dissimilarities in many factors, especially characteristics of the sample and selection of study samples. Some studies have included non-trauma patients in their study samples. In addition, the severity of patients and the type of injury in different areas are also different.
High rates of cardiac arrest as reported in this study are related to several factors. The data from this study show that patients with cardiac arrest were of ASA class more than 5 (67.2%), which includes patients with cardiopulmonary disease (84.6%). In such patients, 94.9% had been intubated, and on ventilator support prior to anesthesia, 47.3% of the patients were in shock from active blood loss prior to surgery and 20.8% had suffered cardiac arrest in the ER/ward during transfer to surgery. Such critical conditions need emergency surgery to save life, which limits the opportunity for anesthetists to evaluate and prepare the patient prior to anesthesia. Some patients may not be able to offer adequate nothing per oral (NPO) time prior to receiving anesthesia. In this study, 10.4% of the patients had had to undergo the rapid cricoid pressure intubation technique to prevent aspiration. These patients are at risk of developing aspiration pneumonia. 35 Therefore, having an experienced anesthesiologist plays an important role in successfully intubating trauma patients both in the ER and in the operating room. In addition, vital organ anatomic sites of injuries have higher rates of cardiac arrest. This study found that patients with cardiac arrest were those who had had upper abdomen injury (45.8%), brain injury (21.4%), and chest injury (13.9%). Therefore, the administration of anesthesia to trauma patients is a challenge for the anesthesia team as they must be able to care and solve any crises during anesthesia as well.
The multivariate regression analysis shows that this study had several significant factors associated with perioperative cardiac arrest in trauma patients, which included age >65 years, high ASA physical status, the anatomical site of surgery, preoperative cardiopulmonary comorbidity, personal history of alcoholism, and hemodynamic condition of instability with shock prior to receiving anesthesia.
This study shows statistical significance for age over 65 years as having double the risk of perioperative cardiac arrest compared to age between 13 and 34 years. This finding is consistent with the findings of the Thai anesthesia incident monitoring study (Thai AIMS) and other studies in Thailand. 20, 36 Upon comparing in the same setting, it was observed that elderly patient was a predictor of death after emergency surgery, as that factor increased the rate by 2.8-4.3 times. 30 As for other studies such as those conducted in the USA, 4, 11, 27, 34 the UK, 37 and Brazil, 38 they showed that elderly patient was a factor contributing to cardiac arrest during anesthesia, especially for patients who were more than 80 years of age. However, those studies had differences with regard to some characteristics of 
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Perioperative cardiac arrest in trauma patients the population selected for entry, such as characteristic data, comorbidity disease, and surgery procedure.
The relatively high incidence of perioperative cardiac arrest in elderly patients observed in this study was caused by the elderly having cardiopulmonary comorbidities more than patients of other age. This study found that the percentage of trauma patients with cardiovascular diseases prior to anesthesia was 29.6%, with 13.8% patients older than 65 years, and that the percentage of trauma patients with ASA class equal or more than 3 was 47.8%. At the same time, 37.8% of the patients were in shock prior to anesthesia. A study conducted in a university hospital in Thailand found that elderly patients with cardiac disease are at high risk of cardiac arrest by about six times. 20 In addition, a study conducted in elderly patients in the USA found that patients who underwent cardiovascular surgery are very likely to be at high risk of perioperative cardiac arrest which is associated with increased age and also increased cardiopulmonary comorbidity. 39 Standardized monitoring and intensive monitoring for anesthesia should be provided to monitor abnormalities and to promptly report warning signs to the anesthetist of an impending cardiac arrest. A recent study in this area found that monitoring, having a knowledgeable anesthesia team, and the availability of the team can help patients to increase survival rates. 40 The ASA physical status class is one of the major factors affecting perioperative cardiac arrest. This study showed that patients with higher ASA class had a statistically significant increase exponentially in cardiac arrest from 4 to 21 times (ASA class 3-4 vs ASA class 5-6) compared to ASA class 1-2. This is confirmed by a study conducted in Thailand which found that having a high ASA class increased the risk of cardiac arrest by five times. 20 Other studies held in Asia have reported that, for higher ASA class, there is a 2-20 times more probability of suffering cardiac arrest. In developed countries such as Brazil, it has also been found that patients having ASA class of more than 3 is a relevant factor associated with cardiac arrest, ranging from 25 to 70 times. 10 There exist differences in characteristics between trauma patients with high ASA class receiving anesthesia for emergency surgery and other patients in this area. In patients with major trauma with shock such as hypovolemic shock, many other causes are also involved, including anatomic site of injury, multiple injuries, and active blood loss in which most of them cannot administer fluids and blood immediately during surgery or prior to surgery. This study's data show that the patients had had the surgery performed on vital organs such as the upper intra-abdominal, intracranial, intrathoracic, and major vascular regions (45.8%, 21.4%, 13.9%, and 4.2%, respectively). These surgical sites are one of the risk factors for cardiac arrest, making the risk about two to three times higher. Such patients who have high severity including a high ASA class, as well as patients in shock during transfer to surgery, need to have the cardiopulmonary crisis resolved prior to anesthesia. Among the patients in this study, 79.8% was intubated in the ER/ICU/ward before surgery, 47.3% of the patients were in shock, and 20.8% had suffered cardiac arrest prior to anesthesia. Confirmation with studies carried out in trauma patients showed that the seriousness of the patient and the probability of the patient suffering cardiac arrest was influenced by specific factors: the risk is particularly high in patients with severe blood loss, patients with hemodynamic instability, and patients with airway management problems. 21 Therefore, trauma patients with ASA class 3 or higher is a challenge for the multidisciplinary teams, including the anesthetic team, operating room team, and surgery team, to create a system and to have training teams available to treat such patients.
In addition, the factor of surgical anatomic sites, especially, upper intra-abdominal injury, head injury, intrathoracic injury, and major vascular injury, was found to be associated with cardiac arrest two to three times more in this study than in other studies. This finding corresponds to the findings of recent studies in Thailand which reported that intrathoracic and upper abdominal surgeries had higher incidence of cardiac arrest by more than two times. 20 Studies held in USA found that blunt trauma patients who underwent craniotomy and thoracotomy were at risk of suffering cardiac arrest more than three times. 27 However, this study was conducted in patients with hemorrhagic shock. Data from the Nebraska Medical Center, Omaha, USA, from 1999 to 2009, showed that upper intra-abdominal injury and intrathoracic injury increased the risk of cardiac arrest by two-to fourfold. 11 Other studies carried out in USA showed that the number of fractured ribs was a factor significant for cardiac arrest. 37 This corresponds to the results obtained in Brazilian traumatic patients with head injury, abdominal injury, thoracic injury, and vascular injury that their risk of cardiac arrest was higher by 5-32 times. 10, 12 Furthermore, a study conducted in Singapore and the USA found that the severe complications suffered by most patients and the deaths were caused by falls and road traffic accidents (51.3% and 39.5%, respectively). It is in such accidents that the vital organs of the body are injured, including the head region and the thorax (45.40% and 28.05%, respectively). 6, 11 The major accidents met with by these patients have been the cause of active blood loss. It affects the functioning of the vital organs of the body, especially the liver, heart, kidneys, and brain, resulting in cardiac arrest and death during surgery. Therefore, the administration of anesthesia to high-risk patients requires intensive monitoring of patient crisis and evaluation of abnormality of lap values that affect the function of the body quickly.
Additionally, preoperative cardiopulmonary comorbidity is a risk factor associated with increased possibility of cardiac arrest by approximately 1.5-fold, which is consistent with the findings of three studies in Thailand, which reported that cardiopulmonary comorbidity increased the risk of cardiac arrest by more than two times. 2, 20, 28 This is supported by a study carried out in trauma patients requiring ventilator support, which showed that the risk of cardiac arrest was seven times. 1 Other studies were carried out in Brazil, 8 Switzerland, 41 and USA; 3, 4, 37, 42 these studies found that heart disease and respiratory disorder increased the probability of suffering cardiac arrest by one to seven times. Furthermore, systematic reviews and case reports during 2005-2012 reported a positive correlation between respiratory and/or cardiovascular comorbidity and cardiac arrest. 41, 43 However, these studies were different in many characteristics including domain population, age of patients, anatomic site of surgery, etc.
Cardiopulmonary disorder due to cardiac complications during anesthesia can be caused by many factors including patients not receiving treatment or not receiving effective treatment because of urgent surgery, accident patients not having a history of the disease and the treatment, cases where the patient was unconscious or serious accidents where there was no relative to provide accurate information and incomplete personal history. At the same time, these patients would have also experienced serious complications such as severe blood loss, hemodynamic instability such as shock, and respiratory failure prior to anesthesia. A recent study in northern Thailand reported that among patients who suffered cardiac arrest within 24 hours of anesthesia, 96% had had on endotracheal tube and ventilator support prior to anesthesia. Just this one factor increases the probability of cardiac arrest by 14.6 times.
2 This study's data show that most patients with cardiac arrest had cardiopulmonary comorbidity (84.6%). The percentage of patients in a state of shock prior to anesthesia was 47.3%, and 79.8% had been ventilator supported. This study found that these factors were causes of cardiac arrest, increasing the probability by about 1.6 times. Furthermore, the percentage of patients who suffered cardiac arrest during resuscitation prior to anesthesia was 20.8%. Therefore, the patient's history, information provided by relatives, and the transfer process between the multidisciplinary teams from the ER to the surgical setting and administration of anesthesia are important to help the patient effectually. Additionally, for the administration of anesthesia, there should be a system for consulting an expert quickly.
The incidence of shock in trauma patients prior to anesthesia is a major factor with regard to suffering cardiac arrest. This study's data presented that patients who received anesthesia but those who have not yet received surgical incision which causes hemodynamic instability are at an increased risk of cardiac arrest by about three to five times. Several studies support this study's result, such as two studies in Thailand 2, 30 and one study each in Japan, 7 USA, 3 and Brazil. 8 They presented that patients with shock had a one-to twofold increase in the probability of suffering cardiac arrest. In the past decade, systematic reviews and case reports have reported about factors of correlation between patients with shock prior to anesthesia and increase in the rate of incidence of perioperative cardiac arrest. 7, 41 The anesthetic team must have awareness, and both defibrillator and drugs for resuscitation must be prepared. Furthermore, they should be aware that supplementary factors are a cause of cardiac arrest, including analytic reaction from allergy to drugs such as anesthetic drugs, antibiotics, and other drugs with histamine release. At the same time, during surgery, there may be major positive factors affecting cardiac arrest such as surgery which has active bleeding, anesthesia-induced hypotension, and underestimation of fluid or blood component replacement. The anesthesia team plays a direct role in the caring of these patients, including in the assessment of blood loss and proper administration of fluid and blood components. According to recent studies, it is confirmed that having an expert anesthesia team holds the key to helping patients survive. 44 Thus, the caring process for trauma patients requires teamwork and coordination between multidisciplinary teams, which will be able to help patients effectively, and this would significantly reduce the time spent on the duration from the time the patient arrives until the start of incision. 45 Other factors related to cardiac arrest in trauma patients include drinking alcohol. This study found that patients' having a history of drinking alcohol is a factor that causes a fivefold increase in the probability of cardiac arrest. This is confirmed by a study in patients with orthopedic trauma in the USA in which it was found that in the case of patients who had had accidents in which alcohol drinking was involved, there was a fourfold increase in the probability of cardiac arrest.
rashly, drinking alcohol, and failure to comply with traffic laws. 46 A study in India reported that driving while under the influence of alcohol causes an increase in threat to life by 1.7 times.
14 In Norway, an investigation presented that the risk of meeting with a traffic accident is greatly increased among drivers who test positive for alcohol drinking. 15 In Thailand, it has been found that drinking causes an increase in motor accidents. It is also a major problem and a threat to life. 16 The high incidence rate of cardiac arrest in trauma patients with alcohol addiction observed in this study may be because of several factors, especially in northern Thailand, as Chiang Mai province is a tourist city, a city of both Thai people and foreigners. The country has many consecutive holidays including holidays during local festivals such as the New Year Festival, Songkran Festival, Loy Krathong Festival, Chinese New Year Festival, regular holidays, etc. These festivals are promoted so that the maximum number of people come to Chiang Mai, especially by cars and motorcycles or big bikes; these visitors may also be celebrating their holidays by drinking alcohol while driving, and some drivers may not be wearing helmets or safety belts. Therefore, prevention of disastrous events such as accidents is beyond the control and field of anesthesia officials. The findings of this study should be presented to the authorities in order that a public health policy is formulated so as to create a strategy that works toward a "promotion of health better than repair of health" policy. The agency should have a policy, or enforce the law seriously, especially with regard to sale of alcohol to the youth, sale of alcohol during festivals, drunken driving, and wearing a helmet and wearing the seat belt during driving. These strategies should reduce the number of serious accidents, and, in turn, reduce the rates of incidence of cardiac arrest and death during surgery.
This retrospective study had limitations in the analysis of the risk factors. At the same time, during the time of data collection, although the researcher's focus was on the accuracy of the data, the documents of the data were edited prior to being entered in the hospital database through clarification of the variable for accuracy by both the anesthesiologist and the nurse anesthetist. However, some significant parameters were missing, and the research assistant did not understand the accurate meaning of some variables in the hospital database. Additionally, the findings of this study cannot be generalized to other areas including emergency departments, ICUs, and trauma centers.
Conclusion
The incidence of perioperative cardiac arrest in trauma patients receiving anesthesia for emergency surgery was very high and correlated with patient's factors, especially with regard to elderly patients and cardiopulmonary comorbidities; patients having a history of alcohol consumption; increased ASA physical status; hemodynamic instability with shock prior to surgery; and sites of surgery including brain, thorax, abdomen, and the major vascular region. Anesthesiologists and surgeon's teams should have a warning system and a well-equipped track to manage the high-risk group of surgical trauma patients.
